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© Ultrafine grain fluorescent body. 



® An ultrafine grain fluorescent body comprises an 
ultrafine grain luminescent material containing an 
activator and having a surface carrying thereon a 
layer which is formed from a different material from 
the luminescent material, or which has different 
properties from those of the luminescent material. 
The layer forms a heterojunction or p-n junction 
defining a luminescent mechanism in an interface 
between the luminescent material and the layer. The 
2! heterojunction is formed if the layer is a film of 
oxide, nitride or any other different substance 
CO formed on the surface of the luminescent material, 
^e.g. ZnS, having a grain size of several hundred to 
several thousand angstroms. Alternatively, the p-n 
^junction is formed if the luminescent material is a p- 
J^jtype (or n-type) semiconductor, and if the layer is a 
film of an n-type (or p-type) semiconductor formed 
® on the surface thereof. The fluorescent body of this 
£L invention is useful for making an electroluminescent 
UJ(EL) element having a high luminance, a high lu- 
minescent efficiency and a high resolution, and ca- 
pable of being driven by a low voltage. 
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ULTRAFINE GRAIN FLUORESCENT BODY 



BACKGROUND OF THE INVENTION 

1. Field of the Invention : 

This invention relates to a fluorescent body. 
More particularly, It is a fluorescent body having a 
novel luminescent mechanism which can advanta- 
geously be used for making various kinds of elec- 
troluminescent (EL) elements. 



2- Description of the Prior Art : 

There are known various kinds of fluorescent 
bodies which are used for making EL elements. 
They mainly comprise a luminescent material, such 
as ZnS, and contain Cu, CI, I, Al, Mn, etc. as an 
activator. Their combinations include (ZnS:Cu, CI), 
(ZnS:Cu, I), (ZnS:Cu, Al) and (ZnS: Cu, Mn). 

When a voltage is applied to any such fluores- 
cent body to excite its activator, it is necessary to 
apply a voltage of at least 10 s Wcm in a direct 
electric field. The electric field which is usually 
applied to an EL element, however, has a strength 
of, say, 1 to 3 x 10 4 V/cm, and this strength is 
actually high enough to excite the activator. The 
fluorescent tody of the type as hereinabove stated 
contains a greater amount of copper than any 
ordinary type of fluorescent body used for exciting 
cathode rays, etc., so that CuxS may be precipitat- 
ed in the crystal defect or grain boundary of the 
luminescent material (ZnS) and form an interface 
with ZnS defining an energy barrier which enables 
the partial creation of an electric field having a 
strength of at least 10 6 V/cm. This is the lumines- 
cent mechanism of the fluorescent body. 

The fluorescent body is said to be a poly- 
crystalline substance 30 having a grain diameter of 
several tens of microns and containing CuxS 31, as 
shown in FIGURE 6. When a dispersion type EL 
element is manufactured, a fluorescent body hav- 
ing a grain diameter of, say, 20 to 30 microns is, 
for example, mixed with a binder. The mixture is 
applied to a transparent electrode on a sheet of 
glass or a film to form a luminescent layer thereon 
and a back electrode is attached thereto, while an 
insulating layer is provided therebetween. 

The luminescent layer in the EL element as 
hereinabove described has a thickness of, say, 50 
to 100 microns, as the fluorescent body has a grain 
diameter of several tens of microns. If a fluorescent 
body having a smaller grain size is used, it is 



possible to form a luminescent layer having a 
smaller thickness and a higher degree of uniformity 
and density which make it more suitable for prac- 
tical application. 

5 A number of methods are, therefore, employed 
for producing a fluorescent body having a smaller 
grain size. They include etching and mechanical 
crushing or classification. However, the conven- 
tional products of these methods have usually had 

w a number of drawbacks including low luminance. 
As the fluorescent body has a luminescent mecha- 
nism introduced in the crystal defect or grain 
boundary of the luminescent material, its luminance 
is greatly dependent on their size or number. If the 

75 crystal defects, etc. are increased to increase the 
luminescent mechanism, the fluorescent body has 
only a limited degree of crystallinity. Any of the 
conventional methods as hereinabove mentioned 
can only reduce the grain size of the fluorescent 

20 body to a level of, say, three microns. This level of 
reduction even does harm to the crystal, rather 
than being effective. Therefore, there has hitherto 
been no alternative but to employ a fluorescent 
body having a grain diameter of several tens of 

25 microns in order to obtain a practical compromise 
between its crystallinity and the performance of the 
luminescent mechanism. It has naturally been im- 
possible to form a luminescent layer having a sat- 
isfactorily small thickness and a satisfactorily high 

30 degree of unfformity and density, it has, therefore, 
been difficult to produce any fluorescent body that 
enables a high luminescent efficiency, driving by a 
low voltage and a high degree of luminance. 

35 

SUMMARY OF THE INVENTION 

It is an object of this invention to overcome the 
drawbacks of the prior art as hereinabove pointed 

40 out and provide a fluorescent body having a novel 
luminescent mecha nism which enables- a high 
luminescent efficiency, a high luminance and driv- 
ing by a low voltage. 

The inventor of this invention has energetically 

45 studied the possibility of obtaining a luminescent 
mechanism which differs from any conventionally 
known one, and achieving a high luminescent effi- 
ciency, etc. to. attain the object of this invention. As 
a result, he has found that the object can be 

50 attained if a film of oxide, nitride, etc. is formed on 
the surface of an ultrafine grain luminescent ma- 
terial to introduce a luminescent mechanism. 
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Thus, this invention consists essentially in an 
ultrafine grain fluorescent body which comprises an 
ultrafine grain luminescent material containing an 
activator and having a surface carrying thereon a 
layer formed, from a different substance from the 5 
luminescent material or having different properties 
from those of the luminescent material, the layer 
forming a heterojunction or p-n junction which' de- 
fines a luminescent mechanism in an interface be- 
tween the luminescent material and the layer. w 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURES 1 and 2 are schematic illustrations is 
of apparatus which can be used for producing an 
ultrafine grain fluorescent body embodying this in- 
vention, FIGURE 1 showing an apparatus for per- 
forming flash evaporation in a gas, while FIGURE 2 
shows a fluidized bed type electric furnace; so 

FIGURE 3 is a cross-sectional view of a 
measuring EL element; 

FIGURES 4 and 5 are diagrams showing the 
emission spectra of the ultrafine grain fluorescent 
body embodying this invention in comparison with 25 
those of a comparative material, FIGURE 4 show- 
ing the spectra of photoluminescence, while FIG- 
URE 5 shows the spectra of electroluminescence; 
and 

FIGURE 6 is a schematic illustration of a 30 
grain of a conventionally known fluorescent body. 

DETAILED DESCRIPTION OF THE INVENTION 

The fluorescent body of this invention is com- 
posed of ultrafine grains. The ultrafine grains gen- 
erally have a number of features including (1) a 
large specific surface, (2) high crystallizabHhy, and 
(3) a very small diameter in the order of, say, 40 
several hundred to several thousand angstroms. 
These features are effectively utilized in the flu- 
orescent body of this invention, as will hereinafter 
be described. 

The surfaces of ultrafine grains of a lumines- 45 
cent material, such as ZnS, are coated with a film 
of oxide, nitride, etc., whereby a kind of high- 
resistance heterojunction is formed in an interface. 
Alternatively, if the luminescent material is an n- 
type (or p-type) semiconductor, its surface is dop- so 
ed or otherwise treated to form a p-type (or n- 
type) semiconductor film thereon, whereby a p-n 
junction is formed. The heterojunction or p-n junc- 
tion defines a novel luminescent mechanism in the 
vicinity of the surface of the luminescent material. ss 
As the ultrafine grains have a very large specific 
surface, the luminescent mechanism occupies a 



large area and thereby enables a high luminance. 
Moreover, the high crystallizability of the ultrafine 
grains enables a high luminescent efficiency. Thus, 
the features (1) and (2) are effectively utilized. 

The feature (3) means that the luminescent 
material which is employed for producing the flu- 
orescent body of this invention has a grain diam- 
eter which is smaller by, say, two figures than that 
of the material which has conventionally been em- 
ployed. The ultrafine grains can form a luminescent 
layer having a very small thickness to which an 
electric field of high strength is applicable. There- 
fore, the fluorescent body of this invention can be 
used to produce an EL element which exhibits a 
high luminance or can be driven by a low voltage. 
It can also* form a film of high density which en- 
ables the formation of a dot matrix. 

These ultrafine grains can be prepared not only 
from ZnS, but also from any other appropriate 
luminescent material, such as SrS, CaS, 
(Y202S:Eu3 + ), (Zn 2 SiO*:Mn 2+ ) or (ZnO:Zn), by a vari- 
ety of physical or chemical methods. Examples of 
the physical methods include various methods for 
performing evaporation in a gas by employing re- 
sistance heating, flash heating, plasma jet heating, 
induction heating, electron beam heating, laser 
beam heating, or sputtering. Examples of the 
chemical methods include gas-phase methods 
which employ an electric furnace, a chemical 
flame, a plasma or a laser, precipitation methods 
which include coprecipitation, hydrolysis, uniform 
precipitation, oxidative hydrolysis and reduction, 
and solvent evaporation methods which include 
freeze drying, spray drying and spray thermal de- 
composition. Any method can be employed if it 
produces ultrafine grains. 

The layer formed from a different substance 
from the luminescent material is a layer which can 
be formed by the oxidation, nitriding, or other treat- 
ment of the luminescent material. It is, for example, 
a layer of its oxide, nitride, sulfide, chloride, flu- 
oride, bromide, iodide, sulfoxide, selenide, telluride, 
phosphide or cyanide. 



BEST MODE OF CARRYING OUT THE INVEN- 
TION 

The ultrafine grain fluorescent body of this in- 
vention and a method of producing it will now be 
described more specifically by way of example. 
The following example is, of course, not intended 
to limit the scope of this invention. 
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EXAMPLE 

The ultrafine grains of a luminescent material 
are prepared by a method which employs flash 
heating for evaporation in a gas. According to an 
ordinary method which employs resistance heating, 
etc. for evaporation in a gas, the material to be 
evaporated is heated, in an inert gas atmosphere 
having a reduced pressure and the resulting vapor 
is collected on a substrate to form ultrafine grains 
thereon. According to the method which employs 
flash heating, an appropriate mixture of a powder of 
a iuminescent material (e.g. ZnS) and a powder of 
an activator (e.g. Mn) is heated in an apparatus of 
the type which is shown by way of example in 
FIGURE 1. The apparatus comprises a vacuum 
vessel 1 evacuated by a vacuum pump 2 and 
containing an inert gas having a reduced pressure 
of several to several hundred torr. The powder 
mixture 6 is continuously dropped little by little into 
a high' temperature crucible 3 by a chute 5 pro- 
vided with a vibrator 4. The vapor rising from the 
crucible 3 is collected on a substrate 7 positioned 
above it to form ultrafine grains 8 thereon. If the 
crucible 3 has a sufficiently high temperature, the 
powder which is dropped little by little is very 
quickly heated for evaporation. This not only makes 
it possible to produce the ultrafine grains which 
share various properties with those produced by 
any ordinary method for evaporation in a gas, but 
also facilitates the control of a stoichiometric ratio. 
This advantage can also be obtained by a method 
which employs laser beam heating. According to 
this method, the material to be evaporated is 
placed in a crucible in a vacuum vessel and a laser 
beam is locally radiated on the material from out- 
side the vessel through a window. 

Any ordinary method for carrying out evapora- 
tion in a gas or any other method as hereinbefore 
mentioned can, of course, also be employed for 
preparing the ultrafine grains which can be used for 
producing the fluorescent body of this invention. 

The ultrafine grains are, then, subjected to heat 
treatment whereby the activator (e.g. Mn) is dif- 
fused, and surface treatment whereby a film of 
oxide, nitride, etc. is formed. 

FIGURE 2 shows by way of example an ap- 
paratus which can be used for carrying out those 
treatments. It is a fluidized bed type electric fur- 
nace comprising a quartz glass tube 9, a glass 
filter 10 provided therein, an electric heating coil 11 
surrounding the tube 9, a vibrator 12 provided on 
the tube 9, a conduit 13 for introducing argon gas 
into the tube 9, a conduit 14 for introducing nitro- 
gen gas into the tube 9 and a conduit 15 for 
introducing oxygen gas into the tube 9. 



An appropriate amount of ultrafine grains 8 is 
placed on the glass filter 10 having pores through 
which gas can pass. After argon gas has been 
introduced through the conduit 13 for purging the 
5 tube 9, nitrogen gas is introduced into the tube 9 at 
the bottom thereof and the vibrator 12 is driven to 
vibrate the tube 9 so that the ultrafine grains 8 may 
form a fluidized bed The tube 9 and therefore the 
fluidized bed are heated to an appropriate tempera- 
io ture by the coil 11 so that the activator (Mn) may 
be diffused through the ultrafine grains. 

Then, the supply of nitrogen gas is stopped 
and oxygen gas is introduced into the tube 9 at the 
bottom thereof, while the heating coil 1 1 is kept in 
75 operation. The supply of oxygen gas is continued 
for an appropriate length of time so that the sur- 
faces of the ultrafine grains may be oxidized. Then, 
it is stopped and the supply of nitrogen gas is 
resumed, whereupon the oxidation of the ultrafine 
20 grains is completed. 

The treatment of ultrafine grains in a fluidized 
bed has a number of advantages. For example, it is 
possible to heat the grains uniformly, bring oxygen 
gas into uniform contact with the grains, and pre- 
25 vent the sintering of the grains. 

A measuring EL element of the construction 
shown in FIGURE 3 was made by using an ul- 
trafine grain fluorescent body embodying this in- 
vention which had been prepared as hereinabove 
30 described. A luminescence test was conducted by 
applying a voltage to the EL element. The element 
comprised a luminescent layer 18 containing the 
ultrafine grain fluorescent body 16 dispersed in an 
organic binder 17, a transparent electrode (ITO) 19 
35 and a back electrode 20 between which the lu- 
minescent layer 18 was sandwiched, and a slide 
glass 21 attached to the transparent electrode 19. 
For the sake of comparison, an element of the 
same construction was made by using ultrafine 
40 grains of ZnS which had not been subjected to 
surface oxidizing treatment. 

Each of the two elements was subjected to a 
photoluminescence (PL) and an elec- 
troluminescence (EL) test. FIGURE 4 shows the 
45 ^ emission spectra which were obtained from the PL 
test, and FIGURE 5 shows the emission spectra 
obtained from the EL test. 

As is obvious therefrom, the element contain- 
ing the fluorescent body of this invention showed 
so an emission of light due to the excitation of Mn in 
the vicinity of a wavelength of 575 nrn as a result 
of both of the PL and EL tests. On the other hand, 
the comparative element did not show any similar 
emission as a result of the EL test (FIGURE 5), 
55 though it showed a similar emission as a result of 
the PL test (FIGURE 4). The fact that both of the 
element according to this invention and the com- 
parative element showed an emission of light due 
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to the excitation of Mn as a result of the PL test 
confirmed the diffusion of Mn as the activator into 
the ultrafine grains of ZnS. As a result of the EL 
test, however, only the element according to this 
invention showed an emission of light. This fact 
teaches that ZnO, which had been formed by the 
oxidation of the surfaces of the ultrafine grains of 
ZnS, enclosed ZnS, resulting in the formation be- 
tween ZnO and ZnS of an interface defining a 
luminescent mechanism. 

Although the production of the fluorescent 
body according to this invention has been de- 
scribed as being carried out by employing the 
apparatus shown in FIGURES 1 and 2, it is, of 
course, 'possible to employ any other method or 
apparatus. For example, it is possible to use an- 
other inert gas instead of nitrogen, or another oxi- 
dizing gas instead of oxygen. 



INDUSTRIAL APPLICABILITY 

This invention provides an ultrafine grain flu- 
orescent body having a novel luminescent mecha- 
nism formed in the surface of an ultrafine grain 
luminescent material, as hereinabove described. It 
has, among others, the following advantages: 

(1) As the surfaces of the ultrafine grains 
having a very large specific surface are utilized to 
form a luminescent mechanism, it also has a large 
specific surface which enables a high luminance. 

(2) As the fluorescent body has a grain size 
which is as small as, say, several hundred to 
several thousand angstroms, it is possible to form a 
luminescent layer having a very small thickness as 
compared with a thickness of 50 to 100 microns 
which has hitherto been possible. Such a lumines- 
cent layer has a high electric field strength upon 
application of a voltage and therefore enables the 
manufacture of an EL element which has a high 
luminance, or can be driven by a low voltage. The 
layer has a high density of the fluorescent body 
and therefore enables the formation of a dot matrix. 

(3) While the conventional fluorescent body 
is a polycrystalline body having many crystal de- 
fects, the fluorescent body of this invention can be 
produced as a single crystal if an appropriate 
method is employed. At any rate, it is a fluorescent 
body of high crystalltnity which enables a high 
luminescent efficiency. 

Therefore, the ultrafine grain fluorescent body 
of this invention can be used to produce an EL 
element having a high luminance, a high lumines- 
cent efficiency and a high resolution, and capable 
of being driven by a low voltage, which has not 
been available in the art. 



Claims 

1 . An ultrafine grain fluorescent body compris- 
ing an ultrafine grain luminescent material contain- 

5 ing an activator, said luminescent material having a 
surface carrying thereon a layer which is formed 
from a different substance from said material, or 
which has different properties from those of said 
material, said layer forming in an interface between 

io said material and said layer a heterojunction or a p- 
n junction defining a luminescent mechanism. 

2. An ultrafine grain fluorescent body as set 
forth in claim 1, wherein said body has a grain size 
of several hundred to several thousand angstroms. 

is 3. An ultrafine grain fluorescent body as set 
forth in claim 1, wherein said body is used for 
making an electroluminescent element. 

4. An ultrafine grain fluorescent body as set 
forth in claim 1, wherein said luminescent material 

20 is selected from the group consisting of ZnS, SrS, 
CaS, Y2O2S, ZnSi04 and ZnO, while said activator 
is selected from the group consisting of Cu, CI, I, 
Ai, Mn and Eu. 

5. An ultrafine grain fluorescent body as set 
25 forth in claim 1, wherein said layer which is formed 

from a different substance from sad material is a 
layer of a substance selected from the group con- 
sisting of the oxide, nitride, sulfide, chloride, flu- 
oride, bromide, iodide, sulfoxide, selenide, telluride, 
50 phosphide and cyanide formed by the treatment of 
said luminescent material, said layer forming said 
heterojunction. 

6. An ultrafine grain fluorescent body as set 
forth in claim 1 , wherein said fluorescent material is 

35 an n-type semiconductor and said layer is a film of 
a p-type semiconductor, whereby said p-n junction 
is formed. 

7. An ultrafine grain fluorescent body as set 
forth in claim 1 , wherein said fluorescent material is 

40 a p-type semiconductor and said layer is a film of - 
an n-type semiconductor, whereby said p-n junc- 
tion is formed. 
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